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Abstract TUT] 





The influence of noise on the minimum number of measurement samples for a sparse recovery in a 
spherical antenna near-field to far-field transformation (NFFFT) is investigated. To this end, several modified 
phase transition diagrams are determined. These diagrams show the minimum number of samples required 
to achieve a certain accuracy in the reconstructed far-field. With this approach, the reconstruction by the 
basis pursuit algorithm and its quadratically constrained 


version are shown to be sufficiently robust against measurement noise for actual measurements. In 
consequence, sparse recovery can be applied to the spherical NFFFT with predictable accuracy. 


Index Terms: sparse recovery, near-field antenna measurements, transition diagrams 
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Motivation TUT] 





Near-Field Measurements 


e Characterize radiation behavior of antennas 
> Take measurements in NF 


» Perform electromagnetic field transformations 





vy ! 
* Advantages e | 
» Moderate space requirements 
» Reduced costs » 
» Controlled environment Sed Y 
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Near-Field Measurements 


* Critical aspects 
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> Measurement time 


Focus on 


» Reducing number of samples 


» Capabilities of compressed sensing 


S 


* Concepts: 
= Near-Field Measurements 
= Compressed Sensing 


° Predicting the Minimum Number of Samples 


* NFFFT Results 
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Spherical Near-Field 
Measurements 





Spherical Near-Field Measurements TUTI 





Electromagnetic Field Transformations 


* Represent AUT by equivalent sources 
> Determine magnitude and phase of sources 


> Reproduce measurements 


* Considered base for equivalent sources 


> Spherical vector waves 





Spherical Near-Field Measurements 





Spherical Wave Expansion 


* Express field of AUT in terms of spherical vector wave functions 
L n 2 
Eaut = lim k V ZF 3 > 3 Xsmn J'smn 
NZ | mM=-n s= 


* Received probe signal 


L n " 
y(r, x)= 5, », ) Xen Asma(r", XP) 


n-l m-—-n sz] 


Spherical Near-Field Measurements 





Spherical Wave Expansion 


* Received probe signal XL—14 


X1,0,1 
y(rP, yP) = Ana Ajo. Ani A2-11 „| XL11 


* Take several measurement points 


y = Ax 


* For N coefficients = N measurements 
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Compressed Sensing 
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Compressed Sensing TUTI 


Mathematical Framework 


* Uniquely recover signal x € CÀ from M < N samples 


ye cM measurement vector 
y = Ax 
A € CMXN sensing matrix 


» Underdetermined system of equations 
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Compressed Sensing TUTI 


Mathematical Framework 


* Only possible having a priori information 


» Signal sparse: X has at most k nonzeros 





» Signal compressible: X has at most k dominant entries 


* Recovery strategy 
> (1 - minimization BP xX = arg min Izi st. y = Az 


BP x -amgmin|zl, st JAz-yll» Sm 
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Compressed Sensing TUTI 





Required Number of Measurements 


* Establish new sampling theorem 
» M» f(k,N, A) +  noiseand sparsity defects 


* Approaches to establish recovery guarantees 


> Restricted isometry property (RIP) 
> Coherence 
> Neighborly polytope approach 


» Null space Grassmann angle approach 
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Neighborly Polytope Approach 


* Phenomenon phase transition 
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1.0 Source: David L. Donoho and J. Tanner, 
“Observed Universality of Phase Transitions 
in High-Dimensional Geometry” 
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Compressed Sensing TUTI 


CS in Antenna Measurements 


° No fitting theory 


> Coherence, RIP, BOS — overly pessimistic 


» Neighbourly Polytope approach — only Gaussian random matrices 


— only real valued 


* Proposed approach 


» Minimum number of samples by PTDs 


» Quantify all influences 
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Predicting 
the 


Minimum Number of 
Samples 
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Minimum Number of Samples TUTI 





Phase Transition Diagrams 


* Concept 
> Assign random values to k random entries of x 
> Perform R reconstructions for all (k, M, A) LD+— 





> Record percentage of success 0.8 - 

x |S 0.6. 

* Issues i 04: 
» Time consuming to compute 0.2- 

» Error definition 0.0 


> Noise and signal compression levels 
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Minimum Number of Samples TUTI 





Error Definition 


° Commonly 


> Theorems: |x — Xll < C 


» PTDs: Ix- llo € 1x 109 


* Define FF error 





EFF 9, __ fFF 9, 
N = max 420 log EM, 9) - ENO. 9) 
KY max IETF (9, p)| 
T 
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Minimum Number of Samples 


Modified PTD 
l 
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Minimum Number of Samples 


Influence of Sampling Grids 








» [=8 
= N= 160 


N < —60 dB 
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Influence of Sparsity Defects 


* Stability against deviations from exact sparsity 


Max | Xdefect | 
Max (Aoma | 
smn 


> Define 7 
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Index of coefficient 
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Minimum Number of Samples 
Influence of Sparsity Defects 


—O-—7 = 0 
—H- 7 = 1 x 1074 
—4— 7 —2x10-4 


—— r = 5 x 1074 








L=8 

N = 160 
Spiral grid 

N < —60 dB 
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Minimum Number of Samples TUTI 





Influence of Noise 
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Minimum Number of Samples 


Influence of Probe Correction 
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Minimum Number of Samples 


Combination of all Influences 
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NFFFT Results 
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NFFFT Results TUT] 


Pyramidal Horn Antenna 


* Simulation of NF-data in FEKO 
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Spectrum of expansion coefficients 
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Index of coefficient 
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NFFFT Results TUT] 


Determine Number of Measurements 


—H- 7 = 1 x 1074 
—— 7 —2 x 10 
—— 7 —5x1074 
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NFFFT Results 


Reconstructed FF Pattern 
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NFFFT Results 





Double-Ridged Horn Antenna 


* Measurement 








NFFFT Results 


Spectrum of expansion coefficients 
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Minimum Number of Samples 


Noise and Sparsity Defects 


SNR = 60 dB 
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NFFFT Results TUT] 


Reconstructed FF Pattern 
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CS in Antenna Near-Field measurements 


* No fitting theory at hand 


e Modified PTDs: 
" Noise 
" Sparsity defects 
" Grid 
= Probe correction 


considered quantitatively 


= Predict number of samples 


* CS can be applied with predictable accuracy 
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